INTRODUCTION
Primary transitional cell carcinoma of the ureter is one of the main types of primary upper tract urothelial carcinomas (UTUCs), which are rare and heterogeneous diseases that account for approximately 5% of all urothelial tumors [1, 2] . Since 2004, the estimated annual incidence of transitional cell carcinoma of the ureter is only 1.8 cases per 100,000 person-years in the United States, according to the rate session in the SEER statistic. More men (2.7/100,000) than women (1.1/100.000) are likely to be affected. Primary transitional cell carcinoma of the ureter is an aggressive disease with a high progression rate, as over half of cases are invasive and approximately one-quarter of them have a regional metastasis at diagnosis compared to 15% and 20% for all bladder tumors [3] [4] [5] . Most patients with this disease have a single ureter affected, and the disease affects both ureters in only 2-4% of patients. Until recently, there have been few high-quality recommendations to guide physicians in the management of primary transitional cell carcinoma of the ureter. Its low incidence results in small study cohorts, which lead to a lack of good evidence-based data. Because of its biologic heterogeneity, prognosis and different treatment options, primary transitional cell carcinoma of the ureter makes treatment decisions difficult. Recommendations for the evaluation and treatment of primary transitional cell carcinoma of the ureter are mainly based on extrapolations of conclusions from high-evidence-level trials performed in patients with urothelial carcinoma of the lower urinary tract. The cancer-directed surgical procedure is considered to be the gold standard of treatment [1, 2] . Adjuvant radiation and chemotherapy should also be considered in patients with high-risk disease, while patients with low-risk disease may benefit from a more conservative approach, according to the National Comprehensive Cancer Network guidelines [6] . However, biological and molecular differences do exist between the upper and lower urinary tracts. There has not been a thorough study of primary transitional cell carcinoma of the ureter with an exploration of prognostic factors and treatment outcomes in large populations. We believe that a better understanding of the risk factors and treatment options for primary transitional cell carcinoma of the ureter would help to more reasonably guide physicians and establish a more holistic approach to improve patient outcomes. Therefore, in this study, we aimed to explore the prognostic factors and impact of treatments on the clinical outcomes of patients using the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) database.
RESULTS

Baseline characteristics
A total of 1910 eligible patients were identified according to the inclusion criteria, including 1114 male and 796 female patients. Ages ranging from 30 years to 101 years were analyzed, with most patients >65 years of age. The median age at diagnosis was 74 years. Most of the included patients were Caucasus. Most of the tumors were undifferentiated or anaplastic (45.4%) and less than 3 centimeters in size (40.4%). There was no significant difference in tumor laterality. The most common T stages were T1 (35.2%) and T3 (29.2%), and 89.0% of the cases were node-negative. Distant metastases were absented in most patients (93.4%). Thus, patients had a larger proportion stratified as American Joint Committee on Cancer (AJCC) stage I (35.2%). The majority of patients (91.9%) underwent a cancer-directed surgical procedure. Only 146 (7.6%) patients underwent radiation. Most of the patients (85.6%) received a surgical procedure only.
The demographics and clinicopathological and treatment characteristics are summarized in Table 1 .
Overall survival and cancer-specific survival
For the entire cohort, there were 986 (51.6%) patients who died and 704 (36.9%) patients who died from primary transitional cell carcinoma of the ureter. The median overall survival (OS) was 46 months, and the 5-year OS rate was 41.8%. The median cancer-specific survival (CSS) was 78 months, and the 5-year CSS rate was 54.3%.
Univariate and multivariate analysis on overall survival and cancer-specific survival Table 2 ). The results for predicting CSS were consistent with those for OS, which are shown in Table 3 .
Effect of treatment options on overall survival and cancer-specific survival
Patients who received surgery only had a better OS and CSS than those who received the other therapeutic approaches. The median OS was 55 months in the surgery only group (5-year OS rate was 47.2%), 10 months in the conservative treatment group (5-year OS rate was 5%), 9 months in the radiation only group (5-year OS rate was 0%) and 21 months in the both treatments group (5-year OS rate was 15.6%). The median CSS did not achieve the required 50% survival value in the surgery only group (the 5-year rate was 60.3%), and the median CSS was 11 months in the conservative treatment group (the 5-year CSS rate was 12.9%), 9 months in the radiation only group www.impactjournals.com/oncotarget 
(the 5-year CSS rate was 0%) and 24 months in the both treatments group (the 5-year CSS rate was 22.7%). These differences were statistically significant according to the univariate log-rank test (P < 0.001). The Kaplan-Meierestimated OS and CSS distributions for the treatment options are shown in Figure 1 .
For patients who received surgery, early stage patients (AJCC stages I-II) had a better OS and CSS than advanced stage patients (AJCC stages III-IV). The median OS was 82 months for early stage patients and 23 months for advanced stage patients. The 5-year OS rate for early stage and advanced stage patients were 59.3% and 24.1%, respectively ( Figure 2A ). The median CSS was not reached for early stage patients and was 28 months for advanced stage patients. The 5-year CSS rate for early stage and advanced stage patients were 74.7% and 32.8%, respectively ( Figure 2B ). These differences were statistically significant according to the univariate log-rank test (P < 0.001).
For patients who received radiation, the differences in the OS and CSS between early stage and advanced stage patients were not significant (P=0.639 and P=0.330, respectively). The Kaplan-Meier curves of this analysis are shown in Figure 3 . to be risk factors for patients with a more advanced stage of cancer using binary logistic analysis (Table 4) . For early stage patients, the median OS was 85 months in the surgery only group (5-year OS rate was 59.6%), 13 months in the conservative treatment group (5-year OS rate was 7%), 14 months in the radiation only group (5-year OS rate was 0%) and 28 months in the both treatments group (5-year OS rate was 0%). The median CSS was not reached in the surgery only group (the 5-year CSS rate was 74.9%), but was 23 months in the conservative treatment group (the 5-year CSS rate was 24.4%), 14 months in the radiation only group (the 5-year CSS rate was 0%) and 72 months in the both treatments group (the 5-year CSS rate was 0%). These differences were statistically significant (P < 0.001), and the KaplanMeier curves of the analysis are shown in Figure 4 . For advanced stage patients, the median OS was 24 months in the surgery only group (5-year OS rate was 25.8%), 8 months in the conservative treatment group (5-year OS rate was 3.8%), 8 months in the radiation only group (5-year OS rate was 0%) and 21 months in the both treatments group (5-year OS rate was 13.9%). The median CSS was 29 months in the surgery only group (the 5-year CSS rate was 34.7%), 10 months in the conservative treatment group (the 5-year CSS rate was 6.2%), 9 months in the radiation only group (the 5-year CSS rate was 0%) and 24 months in the both treatments group (the 5-year CSS rate was 20.2%). These differences were statistically significant (P < 0.001), and the Kaplan-Meier curves of this analysis are shown in Figure 5 .
Effect of demographic, clinicopathological and treatment characteristics for early stage and advanced stage patients
DISCUSSION
As primary transitional cell carcinoma of the ureter is rare, few studies focusing on this disease have been reported. Most studies of UTUCs are limited to either a cohort of a small number of patients or relatively old population-based data. In the present study, we evaluated a large cohort of patients with primary transitional cell carcinoma of the ureter from the new the Surveillance, Epidemiology, and End Results (SEER) database (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . The median OS was 46 months, and the median CSS was 78 months. The 5-year OS and CSS rates were 41.8% and 54.3%, respectively, as half of the patients were at an early stage of cancer. While additional radiation could not prolong clinical survival, patients with poor tumor differentiation and a large tumor size were more likely to be at an advanced stage of the disease. For early stage patients, the cancer-directed surgical procedure was associated with a fairly longer survival and additional radiation may cause more harm than benefit. Meanwhile, for advance stage patients, the impact of surgery on the OS and CSS declined greatly. Additional radiation had a very small impact on the clinical outcomes of patients. These findings further consolidated the conclusions that were drawn by Margulis [7] and Lughezzani [8] , as durable cancer control can be expected in patients with localized UTUC who were treated with a surgical procedure.
The cancer-directed surgical procedure is the most recommended and efficient therapeutic approach at the moment, while physicians still seek to identify a good adjuvant treatment as a supplementary therapeutic approach. As adjuvant treatment modalities have, in fact, been lacking, radiotherapy and chemotherapy have been hot areas of research for several years. Hahn noted that adjuvant radiotherapy may not influence survival among patients with locoregional UTUC, which was shown in a study of 2572 patients regarding the effect of adjuvant radiotherapy on patients with locoregional UTUC [9] . Huang's observations are consistent with Hahn's, as adjuvant radiotherapy did not offer any significant benefit in terms of overall, cancer-specific, and recurrence-free survival rates in patients with locally advanced UTUC [10] . This conclusion seems to have been maintained for decades, since 1996 [11] [12] [13] [14] . Our findings concerning primary transitional cell carcinoma of the ureter based on a new database have partially updated the former conclusion. Radiation is considered to be an independent prognostic factor in this study, in which it is associated with inferior survival. For the early stage patient cohort, it seemed that radiation caused more harm than benefit on cancer survival, even for patients who already had surgical procedures. Additionally, for patients with an advanced disease, radiation had little impact, which is consistent with the Guidelines on Urothelial Carcinomas of the Upper Urinary Tract (version 2015) [1] . Therefore, it appears unnecessary to perform radiation as one of primary therapeutic approaches for patients with primary transitional cell carcinoma of the ureter, especially for patients with an early stage of the disease. However, this is not a very strong conclusion as there are limitations of the SEER dataset. For example, confounding by indication can obscure any benefit received by radiation because patients with more advanced tumors or additional medical comorbidities might be more likely to receive radiation and have a shorter survival time, for which the limitations and heterogeneity of the data prevent conclusions from being made regarding the effectiveness of the therapeutic approaches. Studies of adjuvant chemotherapy for UTUC have had negative results, such as those on radiation [15] [16] [17] [18] . Studies have found no significant difference in the survival of patients, regardless of the administration of adjuvant chemotherapy [19] [20] [21] [22] . Traditional chemotherapeutic regimens, such as methotrexate, vinblastine, doxorubicin, cisplatin or gemcitabine and cisplatin, cannot offer as strong of a support as we would like. Cohen indicated that a few patients underwent neoadjuvant chemotherapy, which is defined as surgery within 180 days after the first chemotherapy claim. Neoadjuvant chemotherapy patients showed a better CSS than surgery only patients, while the differences did not reach statistical significance because of the relatively small sample size [23] . Likewise, with few patients undergoing neoadjuvant therapy, there was no demonstrable survival advantage for this approach. We advise caution when drawing conclusions about the effect of neoadjuvant therapy from these limited data. Hence, targeted therapies based on molecular alterations require further investigation. The principle strength of our study is the latest patient group and large sample size in a populationbased setting that is highly representative of practice today in the US. Large population databases can provide answers to questions regarding the incidence, mortality and outcomes of rare malignancies that collaborative or single institutions may not be able to answer. However, there are also a few potential limitations of our study. First, our results could not be extended to patients from Asia, African, Latin America, or Europe or to patients with primary transitional cell carcinoma of the renal pelvis. Second, our study lacked data related to the surgical procedure and radiation details, such as the surgical procedure and radiation type, radiation doses, and treatment techniques, which can vary significantly among institutions [9, 24] . Third, the values reflected by the treatment effect estimates cannot be accurately measured.
In conclusion, our population-based analysis suggests that the cancer-directed surgical procedure is the best choice of treatment for primary transitional cell carcinoma of the ureter and that radiation is not strongly recommended. It also confirms that the current AJCC staging system, as well as the TNM system, is accurate for predicting the prognosis of patients. Beyond this system, an advanced tumor stage is associated with worse clinical survival, and poor tumor differentiation or a large tumor size may lead to an advanced tumor stage. Interpretations of our results are restricted by the inherent limitations of the SEER database. However, this study contributes to the published data by describing the clinicopathological variables, treatments delivered and outcomes for a large cohort of patients, complementing the previously reported studies. Our study demonstrates a requirement for improved adjuvant treatment options for primary transitional cell carcinoma of the ureter and UTUCs. Future studies should focus on this, including multimodality treatment approaches through prospective clinical trials.
MATERIALS AND METHODS
Data source
This study used SEER database, which includes data from 18 population-based registries from 1973 to 2013 and covers approximately 30% of the population in the US and was released in November 2015, as its data source. The SEER program registries routinely collect data on patient demographics, primary tumor site, tumor morphology, and tumor stages at diagnosis, first course of treatment, and follow-up for vital status determination. The mortality data reported by SEER are provided and updated annually by the National Center for Health Statistics [25] . The National Cancer Institute's SEER*Stat software (Surveillance Research Program, National Cancer Institute SEER*Stat software, www.seer.cancer.gov/seerstat) (Version 8.3.4) was used to collect the necessary data.
Inclusion criteria
To identify appropriate patients for this study, the inclusion criteria for the study were as follows: patients who were diagnosed from 2004 to 2013 with complete clinical manifestations, especially with information from the 6th and 7th versions of the AJCC stage, cancerdirected surgery and radiation; patients who had the ureter listed as the primary disease site (code C66.9); and patients who were diagnosed as having primary transitional cell carcinoma of the ureter (International Classification of Diseases for Oncology, 3rd Edition [ICD-O-3], codes 8120/3: Transitional cell carcinoma, NOS and 8130/3: Papillary transitional cell carcinoma). All patient diagnoses were histologically proven and were regularly followed up. The patients were excluded if they: had an insufficient or unknown clinicopathologic or treatment profile, had an unknown cause of death or unknown survival months, or were diagnosed before 2004. A total of 1910 patients were included in our study.
Variables for the analyses
The variables that were extracted from the SEER database included age at diagnosis, sex, race, tumor differentiation, tumor laterality, tumor size, AJCC stage, TNM stage, therapy modality, OS and CSS. Age at diagnosis was divided into 4 groups: less than 65 years, 65 to 74 years, 75 to 79 years and 80 years or older. Race was classified into African American, non-Hispanic Caucasus, and others (American Indian/ AK Native, Asian/Pacific Islander), as provided by the SEER database. Tumor differentiation was categorized as well differentiated, moderately differentiated, poorly differentiated, or undifferentiated. Tumor laterality was classified as a binary variable, with a right origin of the primary tumor or left origin of the primary tumor, while tumor size was classified as tertiary variable and separated into three groups: ≤3 cm, >3 cm and unknown according to the guidelines [26] . TNM stage and AJCC stage were stratified according to the American Joint Committee on Cancer staging guidelines for renal, pelvis and ureter cancers (6th and 7th edition) [27] . Additionally, we defined AJCC stages I-II as early stage and AJCC stages III-IV as advanced stage. Therapy modality was categorized as: none but conservative treatment, surgery only, radiation only and both.
Outcome measurement
OS and CSS were the outcomes that we were concerned about. OS was defined as the time span from the date of diagnosis to the date of death and was presented as "vital status," while CSS was defined as the time span from the date of diagnosis to the date of cancerspecific death and was presented as "SEER cause-specific survival." Death and death attributed to this cancer were treated as separate events. Patients who died from other causes or were still alive at the time of the last follow-up were treated as censored observations.
